Objective-To assess birth and gene frequencies of specific autosomal recessively inborn errors of metabolism (IEM) within different ethnic groups. Design-Retrospective study in a regional centre for investigation and treatment of IEM.
Inborn errors of metabolism (IEM) are an important cause of mortality and morbidity among children in developed countries. One characteristic of autosomal recessive IEM is their varying frequencies in different races, owing both to the past effects of natural selection, genetic drift, and migration and current influences, such as isolation and parental consanguinity. This is especially apparent in an ethnically and culturally diverse society such as that currently existing in parts of the United Kingdom (UK).
The distribution of different ethnic groups in the UK was assessed in a National Census in 1991,' 2 and ethnic minorities form a significant proportion of the population of the cities of the West Midlands NHS Region. Within this region, the majority of children with IEM are investigated and managed through a single site, which since 1982 has maintained a register of all confirmed cases known there. We have used this register together with information from the Census to compare the frequencies of autosomal recessive IEM in different ethnic groups and to determine the extent to which the different disease incidences reflect the underlying gene frequencies.
Methods
The West Midlands Region, covering the counties of the West Midlands, Hereford and Worcester, Shropshire, Staffordshire, and Warwickshire, is the largest health region in England and Wales, with a population of 5 150 246. Residents of Pakistani descent form 1.9% of the total population, but are particularly concentrated in Birmingham, where they represent 6.9% of the total population. Residents of Indian descent represent 3. 1 % of the region's total population and 5.3% of the population of Birmingham. Within the Region, services for the diagnosis and treatment of IEM affecting amino acid, organic acid, and carbohydrate metabolism and lysosomal storage, including the neonatal screening service for detection of phenylketonuria (PKU) and congenital hypothyroidism at 6-10 days of age, are microbiological assay for phenylalanine, used for the rest of the Region). This permits both visual inspection of plasma for lipaemia, and detection of some other aminoacidopathies. 3 We assessed the incidence of autosomal recessive IEM among children born in the West Midlands in the decade preceding the 1991 National Census. The number of children screened during this period was obtained from Neonatal Screening Laboratory records, while their ethnicity as a percentage of the total was derived from Census data, using the number of children in each group resident in the region and aged under 10 years on the date of the Census (there is no documentation of paternal ethnicity and only voluntary documentation of maternal ethnicity at birth). The number of children with confirmed IEM born in the region during this period was derived from laboratory records, and their ethnicity from personal knowledge through involvement with clinical management. For each disease, the gene frequency q was calculated as the square root of the disease incidence D for white and Indian patients. This was inappropriate for the Pakistani children as 70% of marriages between Pakistani couples in the West Midlands are consanguineous,4 and so for them we used the following formula, adapted from Dahlberg' and Edwards6:
where i represents the proportion of consanguineous marriages and F the coefficient of inbreeding (70% and 0.0686 respectively in this population), the terms iFq and i(I-F)q' estimate the probability ofhomozygosity owing to descent and chance respectively in offspring of consanguineous partners, and the term (1 -z)q2 indicates the probability of homozygosity in the rest of the population. The gene frequency q was obtained from this using the standard quadratic expansion: The relative increase DID,,,, in the frequency of 13 and >200 mmol/l at neonatal screening, median 60 mmol/l) and none from other ethnic groups. The incidence of hyperchylomicronaemia was significantly increased among Pakistanis (1:3386, p<0.01 v NW Europeans), but the total number of births was too low to permit firm conclusions to be drawn about comparative gene frequencies in different ethnic groups. If intermarriage between relatives did not occur, the anticipated incidence in the Pakistani population would be 1:32 400.
We also assessed the disease frequency of three common X linked recessive inborn errors, adrenoleucodystrophy, Menkes disease, and ornithine transcarbamylase deficiency. Twelve affected children (five, three, and four respectively) were identified in the West Midlands, only one of whom was contrast to the situation with MCADD, detection of PKU (through the national neonatal screening programme) is thought to approach 100%. Hyperchylomicronaemia may present as an incidental finding, but the degree of lipaemia (median plasma triglycerides of 60 mmol/l) observed at neonatal screening suggests that few affected children born in Birmingham remain undetected. Of the other diseases studied, tyrosinaemia, galactosaemia, f thalassaemia, and cystinosis usually present in the first few years of life. Some children with these disorders may have been both diagnosed and managed in other hospitals. No requirement exists for such children to be reported to the Children's Hospital, Birmingham for inclusion on the IEM database, and they would therefore not be included in this survey. The number of such children, whose care is delivered totally through either a district general hospital or a supraregional centre, and with whom the Children's Hospital, Birmingham has never had any involvement either at the clinical or laboratory level, is likely to be small. This is especially true for tyrosinaemia and other IEM affecting the liver, as the Children's Hospital is a supraregional centre for the medical and surgical management of paediatric liver disease.
In order to define the ethnicity of the population in the West Midlands, we have confined this study to those born within the 1 980s. Laboratory services for the diagnosis of certain disorders (for example, those of purine and pyrimidine metabolism) were not fully established during this period, and some diagnoses may have been missed as a result. Although this may have led to an artefactually low figure for total diagnoses, we see no reason to suppose that any ethnic group would be particularly affected.
This study has treated Europeans as a homogeneous group in which consanguineous marriages are absent. This simplification may be invalid, particularly in the case of galactosaemia, in which three children belonged to an extensively inbred Irish travelling family. In other diseases, consanguineous marriages among NW Europeans were rare.
One AfroCaribbean child with glycogen storage disease type 2, and one of mixed AfroCaribbean/Arabic origin with PKU, were identified. The incidence of autosomal recessive IEM (excluding sickle cell disease) in AfroCaribbean children was significantly lower than that in the total population, and this group has been noted to be under-represented in local genetic clinics." However, the size of the AfroCaribbean population in the West Midlands was too low for the incidence of IEM in this group to be compared with that in NW Europeans.
These results confirm previous observations that single gene disorders occur with increased frequency among the Pakistani population, in comparison both to NW Europeans and to Indians, who may be expected to share a more similar gene pool. Indeed, although only 5% of the population studied were of Pakistani descent, they accounted for about a third of patients with autosomal recessive IEM. This appears to be the result of the effect of inbreeding, acting on the background of differences in gene frequency. Thus, the gene frequency of PKU is much lower among Pakistanis than among Europeans, but the disease incidence is similar in both groups. For cystinosis, the gene frequency appears similar in the two groups, but the disease incidence is higher among Pakistanis. The attendance of Pakistanis at regional genetic clinics is relatively low," and it has been suggested that their awareness of genetic conditions, and the amount of educational material available to them, is inadequate. 2 Darr" found that unsympathetic genetic counselling, notably with regard to consanguineous marriages, was counterproductive and could lead to confusion, but that families with an affected child remained open to counselling and responded well to an approach that took due account of cultural practices. Linguistic difficulties may also limit understanding of genetic issues." Roberts et al" noted that attendance of Pakistanis at a genetic clinic increased if it was known that a Pakistani (female) doctor would also be present, which could be attributable to increased confidence in understanding both of language and of culture. Following that work, a Pakistani Muslim doctor has participated in the genetic clinics held by one of us (SB), and a Muslim fieldworker has been appointed to initiate an education programme and help in genetic clinics. We would also recommend the availability of leaflets in Urdu and other appropriate languages on genetic counselling, recessive diseases, and consanguinity.
Finally, we would like to encourage docu- 
